Introduction
Micronutrients are defined as substances which the human organism cannot synthesize but that are needed in very small quantities for normal body function (generally less than 100 mg/day). Microminerals or trace elements (e.g. iron, cobalt, chromium, copper, iodine, manganese, selenium, zinc, molybdenum) and various vitamins can thus be considered as 
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Summary Considerable numbers of patients and physicians believe that micronutrients may be useful with respect to prevention and treatment of breast cancer. However, the analysis of the literature shows that basic information on nutritional demands in cancer patients is lacking. It is unknown whether there is an increased demand of micronutrients in cancer patients in general and if there is an even more increased demand during the various types of treatment. As a result, there are only limited positive findings. Higher calcium intake in premenopausal women and higher intake of vitamin D seem to be able to lower breast cancer incidence. Vitamin E (800 IU per day) was found to have a modest effect on hot flashes during tamoxifen treatment. However, there are potential side effects especially when micronutrients are administered in high or very high doses. There is increasing evidence that dose-effect relationships are not linear but U-shaped. It seems that two thresholds exist for adverse effect, one at low doses for undersupply, and another at high doses for toxicity. Thus, arbitrary high-dose administration of micronutrients should be avoided. Supplementation of normal doses seems to be safe and acceptable from the medical point of view. supplementation for cancer prevention can not be recommended [8] . Similarly, no support for an overall relationship between folate intake or blood folate levels and breast cancer risk was found. Adequate folate intake may only reduce the increased risk of breast cancer that has been associated with moderate or high alcohol consumption [9] . Also, selenium and zinc serum levels have not been found to be associated with a decreased risk of breast cancer [10] .
Studies also suggest that a high intake of vitamin C before diagnosis of breast cancer may be beneficial regarding breast cancer mortality [11] .
Micronutrients during Systemic Treatment of Breast Cancer
Interestingly, there seem to be only few analyses on patients' nutritional requirements regarding micronutrients during surgery. Similarly, there are no valid studies on patients' requirements during chemotherapy. Chemotherapy may also lower the levels of antioxidants by affecting dietary intake, which is supported by preliminary data on vitamins C and E, selenium, and beta-carotene showing that chemotherapy lowers the total antioxidant status [11] . Cancer patients seem to be depleted of antioxidants before initiation of treatment, perhaps because cancer cells use antioxidant vitamins more efficiently than healthy cells, thus depleting circulating plasma levels of antioxidants, which suggests that low antioxidant status may be associated with neoplastic activity and subsequent poor health [11] . Accordingly, a declining cancer cell burden may lead to improved antioxidant levels. However, some findings are difficult to interpret. For example, it was found that TRAP (a measure of total antioxidant capacity) levels decreased, while the individual antioxidants showed no consistent changes. Perhaps other factors than the known antioxidants contribute to changes in the total antioxidant status of the body during chemotherapy [11] .
Experimental studies show that antioxidant vitamins selectively induce apoptosis in cancer cells but not in normal cells and prevent angiogenesis and metastatic spread which suggests a potential role in cancer therapy [12] . But in vitro evidence must prove to be valid in clinical trials. A recent review on the efficacy of antioxidant supplements during breast cancer treatment by Greenlee et al. [3] identified a total of 19 articles (9 randomized controlled trials, 4 non-randomized controlled trials, and 6 single-arm trials). The results of their analyses can be summarized as follows: i) vitamin E does not prevent doxorubicin-induced alopecia or doxorubicin-induced cardiotoxicity; ii) vitamin E (800 IU per day) may have a modest effect on hot flashes among breast cancer patients taking tamoxifen -on average one less hot flash per day; iii) patients taking multivitamins during radiation therapy reported significantly higher rates of fatigue compared to those on placebo (25 vs. 0%); iv) glutamine (2.5 g per day in a swish
The reasons behind the widespread use of micronutrients as a part of complementary and alternative medicine (CAM) have not yet been investigated. However, what may have led to the fact that administration of micronutrients has become one of the most frequently used methods by the general population are the high prevalence of micronutrient deficiency diseases in general, the possibility that undetected micronutrient deficiencies could exist, the fact that micronutrient deficiencies could be associated with cancer incidence, the belief that there are increased requirements of micronutrients during cancer treatment, and the possibility that optimal supplementation with micronutrients could improve the chances of survival. According to the National Health and Nutrition Examination Survey (NHANES) 1999-2000, 52% of the adults in the USA reported taking a dietary supplement in the past month, and 35% reported regular use of multivitamin-multimineral products [2] . In the field of oncology, an estimated 45-80% of breast cancer patients use antioxidant supplements after diagnosis and during breast cancer treatment [3] .
The question is whether this use of micronutrients has positive or negative effects on the various clinical situations -the incidence of breast cancer, the time of active cancer therapy with the various cancer treatments, and follow-up time. Very important questions are whether supplementation with micronutrients could improve the chances of survival and lower the risk of recurrence. In order to give an answer to these questions, each of these situations will be looked at separately.
Incidence of Breast Cancer
The effects of micronutrient administration on the incidence of cancer including breast cancer have been studied for a long time. Accordingly, it was possible to perform systematic reviews and meta-analyses on the various trials, providing a good overview of the effects of micronutrients. The results of these analyses are summarized below.
Higher calcium intake in premenopausal women was associated with a decreased risk for breast cancer [4] . Also a trend towards fewer cases of breast cancer with higher intake of vitamin D (≥ 400 IU/day) was found [5] . However, vitamin D does not necessarily have to be supplemented -it can be produced in the skin and kidneys if there is sufficient exposure to solar ultraviolet-B radiation (attention: higher risk of melanoma). Furthermore, vitamin D was found to protect against more than 17 different other types of cancer [6] .
Vitamin E supplementation was not associated with a positive influence on breast cancer incidence [7] . No effect of beta-carotene supplementation was observed on the incidence of breast cancer either but it was associated with increased risk of lung cancer and gastric cancer at doses of 20-30 mg per day in smokers and asbestos workers. regarding the use of antioxidants during radiation therapy. According to one hypothesis, supplementation with high doses of multiple micronutrients may improve the efficacy of radiation therapy by increasing tumor response and decreasing some of its toxicity on normal cells. The other hypothesis suggests that antioxidants will destroy free radicals that are generated during radiotherapy and would thus protect cancer cells against radiation damage. Both hypotheses are based on different conceptual frameworks that are derived from results obtained from specific experimental designs [17] . Both may be correct. Unfortunately, there are only few studies which have addressed micronutrient-related issues. It was shown that multivitamins do not improve radiation-related fatigue in patients with breast cancer [18] . Radiotherapy for breast cancer was also found to have no influence on selenium serum levels in contrast to previously held beliefes that radiotherapy would aggravate existing deficiencies [19] . However, a nonbreast cancer specific systematic review on selenium supplementation during radiotherapy found that it may protect healthy tissues and reduce the side effects of treatment [20] . This is in line with the formerly cited review which stated that antioxidants and other nutrients do not interfere with radiation therapy [15, 16] .
Micronutrients during Hormone Treatment of Breast Cancer
Similar to chemotherapy and radiation therapy, there is evidence that micronutrients may improve efficacy and side effects of hormonal therapy. As shown above, vitamin E may alleviate hot flashes which are frequently the result of tamoxifen or aromatase inhibitors. Micronutrients may also improve the function of treatment. It was shown that there is a growth inhibition synergy and reversal of tamoxifen resistance by combination of selenium with tamoxifen [21] . Unfortunately, no clinical studies have addressed this and other interesting topics.
Potential Side Effects of Micronutrients
Micronutrients are needed by the human body only in small quantities. Within the framework of CAM, micronutrients are administered in normal doses but often also in high or very high doses. Still, many physicians believe in linear doseresponse relationships and believe 'a lot helps a lot'. There is increasing evidence that there are many U-shaped associations between dose and effect in the field of oncology. As a consequence, both low and high levels of a substance may lead to increased cancer incidence or recurrence whereas only normal levels are associated with lower cancer incidence and lower risk of recurrence. This hypothesis has been confirmed with regard to several macronutrients (proteins, lipids, carboand swallow solution) was found to reduce the incidence (38.7 vs. 49.7%) and severity of oral mucositis (1.2 vs. 6.7%) during anthracycline-based chemotherapy. Another trial, however, found no effect on stomatitis and diarrhea. Three well designed, randomized, placebo-controlled trials examined the effect of soy isoflavones on hot flashes in postmenopausal women with a history of breast cancer, some of whom were on hormonal therapy with tamoxifen or raloxifen. All of them failed to show any effect of soy intake on the frequency or intensity of hot flashes. Vitamin C (ascorbic acid, 3 g per day) administration did not lead to improved survival (5-year disease-free survival rates: 48% in ascorbic acid group versus 50% in control group). One large-scale observational study of breast cancer patients using high-dose combination antioxidants during treatment showed a trend towards decreased survival.
An interesting study which was not included in the referred review showed that vitamin D deficiency may be associated with poor outcome in breast cancer [13] . As Greenlee et al. [3] only focused on breast cancer and only identified a few relevant studies, it seems appropriate to look at data from other tumor entities as well. Here, Block et al. [14] analyzed the impact of antioxidant supplementation on chemotherapeutic toxicity. They found that the majority of the published studies show that antioxidants lead to significantly reduced toxicity during chemotherapy. These findings refer to neurotoxicity in cases of platinum-based chemotherapies, myelosuppression, diarrhea, nausea/vomiting, nephrotoxicity, and ototoxicity. Regarding neurotoxicity, 4 of 5 vitamin E studies showed a statistically significant reduction with doses ranging from 300-600 mg of vitamin E across various cancer types. Regarding tumor response and survival, Block et al. [14] found that most studies reported same or better response than the control group and that no studies reported significantly worse survival or response in the antioxidant supplement group. This conclusion is similar to the interpretation of another analysis of the studies, which finds that antioxidants and other nutrients do not interfere with chemotherapy and can increase tumor cell kill and improve survival [15, 16] . However, clinical studies on the effect of antioxidants on cancer treatment are limited in number and size, and the quality of most trials is low. All but one of the studies included less than 300 patients. Thus, the limited number and power of the studies make it impossible to rule out the possibility that antioxidants have no effect or even a negative effect on chemotherapy toxicities.
Micronutrients during Radiotherapy Treatment of Breast Cancer
There is little knowledge about the influence of micronutrients on radiotherapy, and there are no systematic reviews. At present, there are two opposing hypotheses mended for cancer patients or not. The simple reason for this is the lack of significant studies on the subject. Future research must assess whether cancer patients have different nutritional requirements compared to healthy people and if so determine the requirements during the various treatment options (surgery, chemotherapy, radiotherapy, hormonal therapy etc.) and disease stages (adjuvant or palliative setting). Furthermore, it seems important to determine the working mechanism of certain drugs and to investigate whether they are impaired or enhanced by certain micronutrients. On the basis of such work, it could be possible to develop reasonable schedules for the administration of micronutrients in the field of oncology, and in particular breast cancer. Until such knowledge exists it seems reasonable to avoid arbitrary high-dose administration of micronutrients. Whether a supplementation of normal doses should be supported or not remains unclear but it seems that it is acceptable to some degree. However, since many cases of breast cancer can be cured, the effects of micronutrient administration on other diseases must also be considered. A recent review [30] of the topic provides no evidence to support the use of micronutrients for primary or secondary prevention. Vitamin A, beta-carotene, and vitamin E administration were considered to increase mortality. The authors conclude that antioxidant supplements need to be considered medicinal products and should undergo sufficient evaluation before marketing [30] . This conclusion most definitely also applies to the use of antioxidants in breast cancer.
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hydrates) and their influence on breast cancer recurrence [22] . Recently, such a relationship was shown for vitamin D3 where both deficiency and a high concentration of calcidiol were found to increase cancer risk, and antioxidants to increase skin cancer risk [23, 24] . But such relations are not restricted to the field of oncology; they also hold true for serum selenium and peripheral arterial disease [25] . Regarding certain essential elements, it seems that two thresholds exist in an individual for adverse effect, one at low doses for undersupply, and another at high doses for toxicity [26] .
Micronutrients also influence chemotherapy. In in vitro systems, selenium enhanced the chemotherapeutic effect of paclitaxel and doxorubicin [27] . Similarly, vitamin C was found to improve the antineoplastic activity of doxorubicin, cisplatin, and paclitaxel in human breast carcinoma cells in vitro [28] . So far, it is unknown how this enhancement acts on healthy tissues and in how far this leads to increased efficacy and/or toxicity. Clinical studies are lacking.
Since micronutrients are also frequently used in high doses and in combination with each other, there is the question of potential interaction effects between various micronutrients. A study on this subject found no improved breast cancer-specific survival and disease-free survival times for the vitamin/ mineral treated group over those for the controls [29] . The Kaplan-Meier curves in the referred work suggest worse survival with high-dose micronutrients.
Conclusions
At the present time, it is virtually impossible to give an answer to the question of whether micronutrients should be recom-
